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•METHOD OF DETEIUillllHG THE WEIGHTS OF 



THE HOST II£PORTAI?T SlidPLS GIRDERS*;- 
'By J. Oassens 



This paper present's a series of tables for the 
simple and more comcion types of girders,* similar to 
the' tables given in handboolcs under the "heading- "Strength 
of Materials," for determining the moments, deflections, 
etc., of simple beams. Instead of the uniform cross sec- 
tion there assumed, the formulas given here apply only to 
g;irders of "•uniform strength," I.e., it is assumed that 
a girder is so dimensioned that a given load subjects it 
to 8, uniform stress -throughout its whole length. This 
priv).ciple is particularly applicable to very strong &truo~ 
tures. Girders of uniform* strength are the lightest: 
girders' conceivable, because any' girder, all of whose 
meiifoers are stre'ssed to the limit, cs.n not be surpassed 
by a lighter girder,, if 'the. two girders have the same 
form. The weight G of a member of length I , cross 
section'- F and specific gravity -*y' is: '■ . ' 

G = 'F17 -'' "^ ■' (1) ■ 

Instead of this it is also possible to write 

G •= Sl-1 (2) 

if the member carries the •loa.d--'S and is dimensioned' 
according to the stress Oe- With a given static arrange- 
me';?t and a given load, S, I and 7 can be very accu- 
xe.telj determined for any member.- The attainable stress 
0e in tension members is easily determined. However, 
whe:."' stability problems arise,' e.g., buckling, and tilt- 
ing phenomena (and they can. be avoided in hardly airf Bta,t- 
ic arrangements), it is often difficult to obtain a suf- 
ficiently accurate value of Oq for estimating, the wei^fat. 
In a simple framework, for israich the assumption of pin 
joints is permissible, there are only tension and com- 
pression members. For the l3.tter it is then neces",ary 
to. determine only the value of Oq , This is best accom- 
plished" by ascertaining the values of the forces occurring 
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in the members. In the table, flier'dfore, general data 
are given regarding the imgnitudes of the forces before 
every weight. " It would-ibe impracticable to determine 
the force and dimensions of every oonipresGion member and 
therefrom to calculate the value of (3q . It fully suf- 
fices to test a few sauiples of each type of compression 
members and from them find the mean value of Og for each 
type. Where such determinations must be made often., it 
is" very practical, for certain sections (e.g., tubes 
with a fixed wall- thickness ratio) , to plot the attain- 
able stress Cq against Such graphs will save 
much :Wor]f . ^ . 

There. is the same relation between the general 
formula for the 'force in a member and the correspondi-'ig 
weight formula .as between a differential and an integral. 
The expression. for ' the force in- the member is multiplied 

by ^ and I according to equation (2), which gives 
the wlight of any member in the frameworlc. Instead of 
the infinitely small quantity dx, we work, in cases 
1 to 8 with a finite quantity, namely the length of 
the member, i.e., with- a for the chords, with d for 
the diagonals, and with h for the vertical members. 
Hence we use no integral formulas, but derive the sums 
of series. In case 1, the series of the upper-chord 
weights reads: 

P a X. a. fl + 2 + Z + +(n - 1)> 

The sum of the series is . . ( . ^ A) . ^ . The series of the 
lo'Ter-chord weights reads: " 

p a Xa (1 + 2 + 3 + +. n) 

h c?e ■.' 

The sum of this series is MiL^L-il. This yields 

P 4. X a>Su.T- 1 + + 1 = p x_X- 4- 
h Oe 2 o-g h 

In Ccises 2 and 3 the summation is ver^r similarly rr.ade 
v/ich respect to the details. In case 4 . (chord weight) 
suiiimations of the following series have to be m3.de; 

A _a. .a^ 2^+ 3^+ + - '^)^^ 

"2 h % n • 
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The sunBof the series are: 



.n(n + 1) (3n. + i) 



(n - 1) ii(3n - 1), „ 

6 6 . ■ 

Tlie given weight formula is obtained \)j slight changes. 
It is not necessary to give the series for the weh mera- 
"bers. It needs only to be noted that their order is 
always 1 less than that of the chords. Case 5 
yields the following series: 



_g- a ^[13 + -23+ 33+ + (n - 1)=^] 

' 3 h Oq ns"- 



and 



-.4. a x. a- [1^+ 2^+ 3^ t ....•*.■. ...+ n^] 

Their suas are : 

^(n -^1) n^^and [ ^(^ + 

In case 8 the series for the upper-chord weights is 
G^OG)= P ^ ^ a (30- 1 + B^- 1 + 

. + B^- 1 +• 1 + + B-'-^-l) 



= P _L X a 

Ah o; ^1 



^ -\ -n 



B -1 



We now write: 



B - 1: = i^an'B" Ah a^ 
tancp h^ T~" 



When it is remembered that 



from 



i - Sak - % B -1 



B - 1 = -a 



we obtain 
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Hence 

Oonsequently • •■ : 

■ K 

^ 1^ ' 'loa=-=* 



hQ log B 

These simplifications yield • 



The weight of 'the. .lower, chord is similarly qbtained. 

The weight of the diagonal members is constant, 
as in case 1. It can "be easily demonstrated that the 
length of the diagonal neabers increas.es in the same 
ratio (from d, to d^^) as their load decreases. The 
saivie is true of the vertical members. 

The great advantage of integration over summation 
of the series is illustrated by cases 9, 16- and 11. 

For the upper-chord weight in case 9' we have 
the expression: 

• g(og)= h-^ / 4- 

-Ah5 

Division of the integrand yields: 

X dx _ 1 X dx- ^ _ 

dx Fn _ ]Jh. 1 
Ah Ah 1 h^ 

^ Ah 



Then 



G 



(OG)^ 



.= P- 



Ah 



J Ma J 

I h. 



dx 



6 ^ ^0 
X + 



Ah 



In 



15p 

Ah 



Ah 



The weight of the lower chord is similarly obtained. 

If it were now desired to, determine whether this 
forniula with the' assumption that h = h , i.e-. , with 
uniform depth of'' girder, would yield- the.- same .yalue as ' 
tlie formula in case 1, we would arrive 'at the ■ inde- 
termina,te value' o/o . Like?;ise the last formula in case 
9, for only a slight difference in depth, i.e., when 
Ah is 'small with respect to h^^, would yield a numerical 
value which could not "be accurately calculated vfith the 
slide i-ule. This dif f iculty < is overcome 'by a.nother 
investigation- of the integfaaid, which is developed in 
an infinite series: 



X 

I 



- X ■ dx y T _ X +/x^^ 
h„ I V 0 VO/ " 



dx 



h^+ Ah^ 



o 



in which 



- + . . . . ^ 



The integration of the separate terms, in ?;hich x 
occurs only in the numerator, offers no further diffi- 
culty and, with slight modifications, leads to the sec- 
ond formula of case 9. A test shows that this 'formula 
for a uniform depth h = h agrees with the formula in 
case 1. 



It is unnecessary to carry the derivations of 
cases 10 and 11 further , . "since they follow the sajne 
course as those air ead^?-' given. Moreover, all the best 
mathematical textbooks used by engineers give detailed 
examples of such problems. ' ;. • 
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To enable a better understanding of oases IS 
and 13, I am adding Figures 1 to 3 whioh refer particu- 
larlj'- to ca.se 13.. It only..*reKiains to explain the over- 
hanging end of the beam* iOase 4. ) • Figure 2 represents 
a special case where the force with upper-chord Oy- does 
not change its sign in the inner, panel. If inter- 
sects the zero axis, it does so at two points, Miich 
ca,n be calculated with the aid of and Xg. (See 
second coluiiin of tables. "The integration limits for 
Gtq and G^" . ) If, however, x^ a.nd X3 yield ii;nagin8:?y, 
negative or otherwise useless values, 0^^ retains its 
sign between A and B. There are then only two inte- 
gration limits: the lower, x^f^l {l - si); the upper, 
X = I . 

The lower-chord force Ux'Oan change its sign only 
once, namely -.at 'X 4; If this value is negative or great- 
er than 1'-^-."tJv retains the sign between A and B. The 
integration-' Iimits:'are then the same as for O^- 

For the -special case, where both the lower and the 
upper chord weights retain their signs in the inner 
panel, the whole chord weight, including the overhang 
is given in the c-olunn "Remarks" for case 13. The 
bracketed expression is plotted against £ in Figure 4. 

The solid-line portions of the curves are strictly 
correct. The portions to the left of the line C-0 appear 
quite different because the lo-'ier-chord force intersects 
the zero axis. The portions to the right of the line 
D-D are given quite a different course by the inter- 
section of the lower-chord force. 

Case 12 may be considered as a special variation 
of case 13, in which the depth of the strut foot under 
A, naraely a, becones infinity (a = c»;). In practice this 
means that, for h/a = 0.1 or less, the considerably more 
troublesome computation work of case 13 can be saved and 
the values of case 12 can be used . instead. The bra.ck- 
eted chord values of case. 12. are plotted in Figure 5 
against e := l^A • 

For shearing-force weights, it does not uiatter 
whether case 12 or 13 is used. The coefficients are 
plotted against e - \/ I in Figure 6. 

Lastly the nondimensional or absolute coefficients 
of the strut freight G^^^mLght be plotted similarly to 
Figures 4 to 6. It is omitted here, beceuse the strut 
is genera.lly subjected to compresGive forces and the 
reader, in selecting the best supporting point 3, must 



consider the variability of Oq 9 which is often hardly 
possible. It can only be remarked that the smallest 
coefficient is 2 at a strut inclination of 45°, when 
e =^ "n. 

In determining the most favorable a, the fact 
was disregarded, that, with increasing a, the attaina- 
ble stress Qq in the compression chord might be greatly 
diminished. If necessary, this point, should be especial- 
ly investigated. 



Translation by Dwight M. Miner, 
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Loa4 case Forces :Up«r chord yorcesjBk 
Support j Ok:Os «8i«hta.s"" 

dotation Lower chordsUjttUx 
Weight 8:0'^' j 



¥®rt'l members 
Forces tV^ 
WelghtsrO^ 



Whole girder 
Weights;© 



R@sarke 



1 Cantilever traas — 
Single load 



1>, ^P. 



The most favor- ; 
able valiie of a" ; 



p. I. 



a, \h a! 
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o, » + /'•)' •('■" 2) 



1 ill , a\ 

"0 >■ . . ■/ ohtalned f orj 
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"0 i 'In " 
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The moat favor- 
able "a" lies at: 

A 111*'' ''' 



U ^2 a' 



4 Uniformly 
distributed load 

«:? < 



' 2 A " ft-'- 



At large enough 
"n" the most fa- 
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' . ^ i case 1. 



Distributed load . , . 

varying directly 

distance framon& ®M 



ft»— *+ 



+a' 



• I- 



A= + A + ., 



3 a, a 



Q.I 



o„ i r/a 2 A 



At large enough 
"n" the moat fa- 
vorable "a" ie 
the same as in 
case 1. 



o 



Load case 

itipport 
Notation 



I Both chords 
f orces ;Up ' r chord 
I OksOx 
Lower chordsUksUj 
j Weights :G"" 



Diagonals 
Forces:^ 

Weights :S"" 



Vert '1 msmhers 
Forces :¥j^ 

Weights 



*' Truss on two sup- 
ports. Uniformly 
distributed load 
,«■»■' 



Whole girder 
feints :a 



'111 fine gcrnde Zahl 
" n" is an even 

num'ber 

Truss on two 
supports. 
Single load. 
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o« I li s 3 



4t mmi^ 
^a" th& most fa- 

"a" is 
the &me as in 
Case lo 
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« / dl left 
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nAis-.Ot p. right , << Irish! 



/i « m • a /g n . « 



/, a 



y, '1 ■ 'a . J' _ ' 



j fhe most fa- 

jvorabls "a" is 



■ ' 1 

\ A « / i I a ' a 



*• Inclined chords. 
Single load. 



Ah 




k~ 1 



sin If ' S" 



log;- 



<r, i i l A 

/ '"^ l' Ah 
n • a 



• 1- 



p. I r . 

"c 

sin(2f)" i- B 



1- 



I +rjA('-";i)]+'/ 

2 n • Ao . 1 M • Aa 1 
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Load case 
^ I Support 
§ I Hotation 

o 



I Both chords 

rorcessUp'r chord 

iwer chord tUkrXJy 
'eights :Q"" 



Diagonals 
Force 8 J Dj^ 

Weights 'G^"' 



?ert*l mmhers 
Forces sVj^ 

Weight8:&''" 



1 Other shear 



bracing 
1 Forces :S 

I Weights 



W.ole girder 
Weights :(J 



® Plate girder. In- 
i clined chords. 
; Single load. 
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i or 










: Oder: 











Ah 



AaU 3 A, 



> f'*f+ ' (ff i-. 



Renmrks 



The first G'*^' 
holds good for 
large /Ih as com- 
pared with hji- 

The second 0'*^' 
for emller Ah 
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Plate girder. In- j 
clined chords. | 
Uniformly dlstri- j o. 



huted load. 
,«•»' 



A. 



1 

U 1 ■ - 



•< Oder: 



ft. 



Aj, = »,+ 4 J ; J & feo — Ae; 



Hi Plate girder. In- j 
1 clined chords. ms"! 



? tritoited losd.vaSTr o. . o-J /*\» l 




I il ^lii^i 



Oder: — 

2 Ti, i 3 A, ^ 4 \ A, ' 



The first 0 
holds good for 
large A h as coje- 
pared with h^. 

j The second G*°' 
i for smaller Ah 



Sh 



hg^'^'h^+M-y, ha- 
lt^ 

di»taac» frog one 



■ ■ . i. 



Oder: 

1 ,.)A\* 



The first G^*^' 
holds good for 
large Ah as com- 
pared with hji. 

The second G'*" 
for smaller Ah 



eift, ) +7 (a») 



a 



12 



13 



Load case 
Support 
notation 



Both ehords 
Forces :Up'r ch*d 

Ok:Ox 
lower chof-d:t^r% 
weights »e^^'' 



Oantllever on two 
supports .Uniformly 
distrllmted load. 




Overhang 

i7^-* 2 [ij h 

Inner panel 

t/„ 2 



For e>0,6: 



Ix , l—e -\ 1 
+ 8 i'h 



Diagonals 
Weight^jS'" 



Vert'l memhers 

jorcestVjj. 

WeightBsG^^ 



Tor a trussed girder as in 
case 1. Over iang. 



Inner panel 

n _ 4. 9 ^1" ^ 



-(^-i)] 



Support «B" Bovahl^ 
For 



npQt.s>0,6: 



e<0,5: 



.1(1 

A \3 



2/ 



Pop e<o^ 



Inner panel 



tor *> 0.5: 

2 Oj a ' 
jipj»«icO,o: 

2 c« o ^ ' 



Other shear 
hracin^ 
Forces tSx 

Weights :0f*^ 



Whole girder 
Weights :& 



Hemarks 



Overfaa^jg 
Inner panel 

For* e >d,5: 

Ji"(e) = 2[(l-£)2 + 



G- 



lor e > 0,5 

Qi 

1 * 

For «<<',6: 

! G = 



2 (Te \ft ' 0/ 
= 2- (1 — eli* 



For « <0,5: 
if" («) = 2 • (1 



Braced cantilever. 
Unifornily dlstri- 
huted load. Support 
"B" movfible 




t.i>,J,-f,S-VcL'- 

Integration SMits 
for Go ^ii* <Hi 

a:, = Za-s); 
, [0,5 



Over hang 

Inner panel 

Qx = + ^ 



1.2a^^^]i 



For a trussed girder the 
figures under 12 apply. 
Force nr> gtriit 



T = 



f)-7f + 



-Sttut wieight 



0,5 



+ 



+ 



h_ 
'2a 



Weight of over4 
hang 

Weight of upper chojrd 

2 ffj ft I *, X, 3Ci ) 

\h x.ljxY iixY,i~ex-\ 
^=L2^- J + iiTj -re\jl +—e -l\ 

Weight of lower choird 



Same as in 
oaae IS. 



\ Xt X — II 



2a I 



11 X 
'S\l 



-_ex 
T 



Inner panel 



2 



Vv ^ -I 



Ox.Ux T3ecome»0 
for ' 

3B«1(- -'D 

» 0 for 

X <■ 4 and aa 
2e 

optimum for 

f«(«) lies at 

2 

An optimiiin for 
f«(e) lies at 
e » 0.7 



If h/a^O.l or 
less, the chord 
■weight differs 
hut slightly 
from that given 
under case 12. 
If xg.X3 and X4 

yield only 
useless values . 
the weight of 
both chords is, 

2 (Sah 



Q=ql 



Figs. 1,2,3,4 




fig. 1 System and load diagram 
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lig. 2 Jorce distriliution in upper flange 




Fig. 3 Force distriljution in lower flange 
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Fig. 4 To "be noted -under Case 13 
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Fig. 5 
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Fig. 6 

Coefficients 
of shear 
tracing 
Y/eigMs 
in Case 12 
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F" (e) = 2 (1-^)2 



